Background. e long-term safety of first-generation drug-eluting stent (DES) in acute coronary syndrome (ACS) was controversial. Purpose. e purpose of this study was to establish 5-year real-world data regarding the long-term efficacy and safety of second-generation DES in Japanese patients with ACS. Methods. e Tokyo-MD PCI study is a multicenter, observational cohort study enrolling consecutive patients who underwent everolimus-eluting stent (EES) implantation. e 5-year clinical events were compared between the ACS group (n � 644) and the stable coronary artery disease (SCAD) group (n � 1255). e primary efficacy endpoint was ischemia-driven target lesion revascularization (TLR), and the primary safety endpoint was the composite of allcause death or myocardial infarction (MI). Results. e median follow-up duration was 5.4 years. e cumulative incidence of ischemia-driven TLR was similar between ACS and SCAD (1 year: 3.0% versus 2.7%; P � 0.682, 1-5 years: 2.7% versus 2.9%; P � 0.864). e cumulative incidence of all-cause death or MI within 1 year was significantly higher in ACS than in SCAD (7.4% versus 3.8%; P < 0.001); however, ACS did not increase the risk of all-cause death or MI after adjusting confounders (adjusted hazard ratio, 1.260; 95% confidence interval, 0.774-2.053; P � 0.352). From 1 to 5 years, the cumulative incidence of all-cause death or MI was not significantly different between ACS and SCAD (11.6% versus 11.4%; P � 0.706). e cumulative incidence of very late stent thrombosis was low and similar between ACS and SCAD (0.2% versus 0.2%; P � 0.942). Conclusion. is real-world registry suggested that EES has comparable long-term efficacy and safety in patients with ACS and SCAD.
Introduction
e efficacy and safety of drug-eluting stent (DES) for acute coronary syndrome (ACS) patients have been continuously discussed since it was first introduced. Several early studies showed that first-generation DES has favorable short-term efficacy for reducing target lesion revascularization (TLR) in patients with acute myocardial infarction (AMI) compared with bare metal stent (BMS) [1, 2] . However, pathological examination of first-generation DES revealed that the vessel healing of the culprit lesions of AMI patients was delayed compared with those of stable coronary artery disease (SCAD) patients [3] . A large cohort study elucidated that ACS was an independent risk factor for late stent thrombosis (ST) after first-generation DES implantation [4] . Moreover, the GRACE study reported an increased late mortality after first-generation DES implantation in patients with AMI compared with BMS [5] . In addition, prolonged dualantiplatelet therapy (DAPT) for AMI patients was associated with the increased risk of major bleeding [6, 7] .
Everolimus-eluting stent (EES) was developed to advance the safety and efficacy of DES. Target lesion failure (TLF) and ST were consistently reduced with EES compared with first-generation DES [8] [9] [10] . Guidelines for the management of ST-segment elevation myocardial infarction (STEMI) indicated new-generation DES as the first-line coronary stent for reperfusion therapy [11, 12] . Recently, the 5-year results of the EXAMINATION study demonstrated the long-term benefits of EES in AMI patients compared with BMS [13] .
In Japan, EES reduced TLF compared with sirolimuseluting stent (SES) and there was no major concern about very late ST or late catch-up phenomenon [14, 15] . However, the long-term safety of EES for Japanese ACS patients, particularly beyond 3 years, has not been fully clarified. We conducted the Tokyo MD PCI study and registered complex Japanese patient populations for evaluation of the real-world data of EES [16] . In Japan, imaging device-guided EES implantation is performed at high rates. e imaging device-guided procedure allows optimal stenting and is expected to reduce late adverse events [17] . We expected that Japan would be suitable for a multicenter observational study for the long-term evaluation of EES. erefore, we aimed to establish 5-year real-world data regarding the long-term efficacy and safety of EES for Japanese ACS patients in this study.
Methods

Study Design and Enrollment of Patients.
e Tokyo-MD PCI study is a physician-initiated, multicenter, observational cohort study which was conducted to evaluate the real-world data of Japanese patients who underwent EES (Xience V ® ; Abbott Vascular, Santa Clara, CA, USA; Promus ® ; Boston Scientific, Marlborough, MA, USA) implantation. Previously, we published the details and 4-year results of the Tokyo-MD PCI study [16] . From January 2010 to December 2011, consecutive 1918 patients were enrolled from 22 hospitals in Japan. e patients were divided into the ACS group or the SCAD group based on the clinical manifestation at the first procedure. e ACS group was further stratified into STEMI, non-ST elevation myocardial infarction (NSTEMI), and unstable angina pectoris (UAP) according to the ird Universal Definition of Myocardial Infarction [18] . Myocardial infarction (MI) was diagnosed when cardiac biomarker values rise above the 99 th percentile upper reference limit with the following: symptom of ischemia, new significant ST-T change or new left bundle branch block, development of pathological Q wave, imaging evidence of new regional wall motion abnormality, and identification of an intracoronary thrombus by angiography. MI accompanied with ST-segment elevation in two contiguous leads was defined as STEMI; in contrast, absence of ST-segment elevation at presentation was diagnosed as NSTEMI. Patients without elevated biomarker values were diagnosed as unstable angina.
e clinical information on patient and lesion characteristics at baseline, procedures of EES implantation, and follow-up data were retrospectively collected from medical records. Follow-up included a clinical visit or telephone contact. e median follow-up period for surviving patients was 5.4 years (interquartile range 4.3-6.1 years). Clinical follow-up was completed in 93.4% of surviving patients at 1 year, 82.3% at 3 years, and 70.7% at 5 years. Follow-up angiography within 1 year was left to the discretion of each hospital.
is study was approved by the institutional ethical review board at Tokyo Medical and Dental University and according to the Ethical Guidelines for Epidemiological Research. We published all relevant details of this study instead of obtaining informed consent.
Stent Implantation and Antiplatelet erapy.
e procedures of EES implantation and medical therapy, including the duration of DAPT, were left to the discretion of each attending physician. At the index procedure, heparin was used for anticoagulation. e recommended antiplatelet therapy was aspirin (81 mg/day) and thienopyridine (200 mg/day ticlopidine or 75 mg/day clopidogrel). Persistent discontinuation of DAPT was defined as withdrawal lasting 2 months.
Study Endpoints.
e primary efficacy endpoint was ischemia-driven TLR, and the primary safety endpoint was the composite of all-cause death or MI.
e secondary endpoint included cardiac death, target vessel MI, TLF (composite of cardiac death, target vessel MI, and ischemiadriven TLR), and definite and probable ST. e landmark analysis of patients who did not have the primary and secondary events at 1 year was performed. All-cause death and MI were judged by the investigator at each center. Cardiac death and MI were defined according to standardized definitions [19] . TLR was defined as either percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG) because of restenosis or thrombosis of the target lesion, including lesions within 5 mm of the stent borders. TLR was defined as ischemia-driven if the procedure was associated with a positive functional study result or ischemic symptoms. ST was defined according to the Academic Research Consortium definition. Major bleeding event was defined as type 3 or 5 bleeding according to the Bleeding Academic Research Consortium (BARC) criteria.
Statistical Analysis.
Categorical variables were compared using the chi-square test. Continuous variables are presented as the mean and standard deviation, and categorical variables are presented as numbers and percentages. Continuous variables were compared using Student's t test and Dunnett's test based on their distribution. e cumulative incidence of clinical endpoint was estimated by using the Kaplan-Meier method and compared with the log-rank test. Hazard ratio (HR) was calculated in the univariate and multivariate Cox proportional hazards models. In the univariate models, the HR for ACS and 33 confounders that were reported as being important factors in previous studies were calculated. A multivariate Cox proportional hazard model was used to adjust the differences in baseline characteristics. In the multivariable analysis, we incorporated variables with P values <0.05 in the univariate models. e results are expressed as adjusted HR and their 95% confidence intervals (CI). All analyses were performed using SPSS version 10 (IBM in Armonk, Cary, NY, USA). Figure 1 shows the flowchart of the Tokyo-MD PCI study. Five patients with a malignant tumor, 6 patients who dropped out of medical follow-up, and 8 patients whose clinical records were incomplete were excluded. After the exclusion of the 19 patients, 1899 patients were evaluated. Studied patients were divided into the ACS group (n � 644) or the SCAD group (n � 1255).
Results
Patient Enrollment.
Baseline Characteristics.
Patient and lesion characteristics are shown in Table 1 . e ACS patients had higher prevalence of chronic kidney disease without hemodialysis, left ventricular ejection fraction <35%, cardiogenic shock, triple-vessel disease, left anterior descending coronary artery lesion, and ostial lesion and were aged more than 80 years compared with SCAD patients. In contrast, the prevalence of diabetes mellitus, hemodialysis, peripheral artery disease, previous PCI, previous CABG, previous MI, restenotic lesion, and chronic total occlusion were higher in SCAD patients. e ACS group included patients with cardiogenic shock status (5.1%). Intra-aortic balloon pumping and percutaneous cardiopulmonary support were used in 40 (6.2%) and 10 (1.6%) patients of the ACS group. Betablocker was more frequently prescribed in ACS patients than in SCAD patients. An imaging device was used in 94% of the studied procedures. Follow-up coronary artery angiography within 1 year was performed in 61% of the patients. Figure 2 shows the cumulative incidence of persistent discontinuation of DAPT. DAPT was discontinued in 7.9% at 1 year and in 45.7% at 5 years in the ACS group and in 9.0% at 1 year and in 44.6% at 5 years in the SCAD group.
DAPT Discontinuation.
ere was no significant difference in persistent discontinuation of DAPT at 5 years between the two groups (P � 0.405). Table 2 shows the clinical events in the ACS and SCAD groups. Figure 3(a) shows the cumulative incidence of the primary efficacy endpoint (ischemiadriven TLR). e cumulative incidence of ischemia-driven TLR was similar between the ACS and SCAD groups at 5 years (1 year: 3.0% versus 2.7%; P � 0.682; from 1 to 5 years: 2.7% versus 2.9%; P � 0.864).
Clinical Outcome.
e cumulative incidence of the safety endpoint (the composite of all-cause death or MI) is shown in Figure 3 (b).
e cumulative incidence of all-cause death or MI at 1 year was significantly higher in the ACS group than in the SCAD group (7.4% versus 3.8%; P < 0.001). e higher risk of the safety endpoint in the ACS group at 1 year was mainly driven by the increase in all-cause death compared with the SCAD group (5.5% versus 2.4%; P < 0.001). From 1 to 5 years, the cumulative incidence of all-cause death or MI was not significantly different between the ACS and SCAD groups (11.6% versus 11.4%; P � 0.706).
Figure 4(a) shows the cumulative incidence of TLF. TLF occurred significantly more frequently in the ACS group than in the SCAD group at 1 year (7.5% versus 4.3%; P � 0.003). From 1 to 5 years, the cumulative incidence of TLF was not significantly different between the ACS and SCAD groups (6.8% versus 6.2%; P � 0.514).
Figure 4(b) shows the cumulative incidence of definite and probable ST. ST within 1 year was observed significantly more frequent in the ACS group than in the SCAD group (1.6% versus 0.4%; P � 0.006). However, the incidence of ST from 1 to 5 years was very low in both groups, and there was no significant difference between the ACS and SCAD groups (0.2% versus 0.2%; P � 0.942).
Univariate and Multivariate Analysis of the Primary
Safety End-point. We performed the univariate and multivariate analysis to calculate the adjusted HR of the primary safety endpoint (Table 3 and 4) because there was significantly increased risk in the safety endpoint in the ACS group at 1 year.
At 1 year, the univariate analysis showed that the ACS group had higher HR of the safety endpoint compared with the SCAD group (HR, 2.033; 95% CI, 1.357-3.046; P � 0.001). e multivariate analysis revealed that age older than 80 years, hemodialysis, left ventricular ejection fraction <35%, cardiogenic shock, and ostial lesion had higher adjusted HR of the safety endpoint at 1 year. However, the adjusted HR of the ACS group at 1 year was not significantly higher compared with the SCAD group (adjusted HR, 1.260; 95% CI, 0.774-2.053; P � 0.352).
From 1 to 5 years, the ACS group did not increase the HR of the safety endpoint compared with the SCAD group (HR, 1.058; 95% CI, 0.706-1.418; P � 0.70). By the multivariate analysis, age older than 80 years, chronic kidney disease without hemodialysis, hemodialysis, left ventricular ejection fraction <35%, peripheral artery disease, and anticoagulation therapy were determined as independent predictors of the safety endpoint from 1 to 5 years.
Discussion
In the present study, we have for the first time compared the 5-year real-world outcome after EES implantation between ACS and SCAD patients in Japan. e main findings are as follows. (1) e incidence of efficacy endpoint was similar between the two groups at 5 years. (2) e incidence of safety endpoint and TLF within 1 year was significantly higher in the ACS group compared with the SCAD group. However, those were not different beyond 1 year.
e multivariate analysis clarified that ACS did not increase the adjusted HR of the safety endpoint throughout 5 years. (3) e cumulative incidence of ST beyond 1 year was very low and similar between ACS and SCAD groups.
ACS has common pathological backgrounds, including disruption or erosion of the atherosclerotic plaques, alterations in circulating prothrombotic or antifibrinolytic mediators, and acute coronary thrombogenicity [20] . Although ACS treatment has notably developed, STEMI still has approximately 5 to 6% in-hospital mortality and 7 to 18% 1-year mortality rates [11] .
Previously, the long-term outcome of Japanese ACS patients treated with first-generation DES was reported in the largest SES study (j-Cypher) and in the single-center registry of Kyoto University Hospital (which used SES in 82% of the patients) [21, 22] . Although the Tokyo-MD PCI study was retrospective, we performed consecutive patient registrations from multicenter hospitals and there were small numbers of excluded patients.
e Tokyo-MD PCI study had several remarkable differences compared with previous overseas studies of EES on the following points. (1) Compared with the XIENCE V USA study (an all-comer observational registry in the United States) [23] , the Tokyo-MD PCI study registered more complex patient populations, such as those undergoing hemodialysis, with cardiogenic shock status, with low ejection fraction, with left main disease, and with angiographic heavy calcification. (2) e rate of imaging deviceguided EES implantation was high.
e imaging deviceguided procedure is expected to reduce late adverse events.
ese features of this study distinguished the Tokyo-MD PCI study from previous EES studies. erefore, we think this registry has the new information about the clinical practice of EES implantation.
Problems of First-Generation DES Implantation in ACS
Patients. First-generation DES has the problem of late catch-up phenomenon and late ST [24, 25] . Clinical researches examining the safety of first-generation DES in ACS patients showed conflicting results about the risk of death or ST [5, [26] [27] [28] [29] .
e pathology of first-generation DES revealed the presence of delayed arterial healing [30] , and incomplete endothelial coverage was the histological predictor of ST [31] . Regarding the culprit lesions of ACS, underlying plaque morphology including large necrotic core, ruptured fibrous cap, and thrombus attributed to the further delayed arterial response to first-generation DES [3] . Optical coherence tomography (OCT) also validated the further delayed vascular healing in patients with UAP after SES implantation compared with SCAD [32] .
is distinctive response to first-generation DES between ACS and SCAD lesions implies that lesion morphology plays an important role in vascular healing. Moreover, heterogeneous healing responses remained after 5 years of first-generation DES implantation [33] .
Improved Vascular Response of EES Compared with First-
Generation DES. EES consists of a thin strut platform (81 μm), coated with 7.8-μm-thick durable fluorinated copolymer and 1.0 μg/mm everolimus [34] . In human autopsy analysis, EES showed favorable strut coverage with less inflammation and fibrin deposition compared with SES and paclitaxel-eluting stent (PES) [35] . Sawada compared the arterial healings in STEMI patients at 7 months between EES and SES using OCT and angioscopy [36] . OCT showed that frequencies of uncovered and malapposed struts in EES were lower than those in SES in STEMI patients. Angioscopic analysis also presented more homogenous neointimal coverage and less intrastent thrombus in EES than those in SES.
ese improved pathological findings support the greater clinical safety of EES compared with first-generation DES in ACS patients.
Efficacy Endpoint after EES Implantation in ACS Patients.
In the Tokyo-MD PCI study, EES had comparable efficacy in reducing ischemia-driven TLR between the ACS and SCAD groups at 5 years. Similar result was previously observed in Figure 2 : Cumulative incidence of persistent discontinuation of dual-antiplatelet therapy. Persistent discontinuation was defined as withdrawal lasting for at least 2 months. EES: everolimus-eluting stent; ACS: acute coronary syndrome; SCAD: stable coronary artery disease. the j-Cypher study, in which the incidence of TLR after SES implantation was not different between the ACS and non-ACS patients at 3 years [21] . In the XIENCE V USA study, AMI was not associated with the increased risk of TLR [23] . Our data conformed to the existing data showing that ACS did not increase the risk of TLR after DES implantation.
Safety Endpoint after EES Implantation in ACS Patients.
In the Tokyo-MD PCI study, the ACS group had the higher risk of the safety endpoint at 1 year than in the SCAD group. However, multivariate analysis revealed that ACS was not an independent predictor of the safety endpoint at 1 year. is study demonstrated that severity and comorbidity of ACS patients, such as hemodialysis, low ejection fraction, and cardiogenic shock status, were mainly attributed to the risk of the safety endpoint at 1 year.
In contrast, the incidence of the safety endpoint from 1 to 5 years was similar between the ACS and SCAD groups despite the differences in patient background. Although the incidence of MI was more frequent in the ACS group than in the SCAD group from 1 to 5 years, the number of MI events was small in both groups, resulting in no statistical difference in the safety endpoint. In addition, the low incidence of very late ST in both groups might contribute to the favorable long-term safety after EES implantation.
ST after EES Implantation in Patients with ACS.
e cumulative incidence of ST at 1 year was higher in the ACS group than in the SCAD group in the Tokyo-MD PCI study, and most incidence of ST occurred within 1 month. ese results were explained because stenting for the culprit lesions of ACS has higher risk of acute and subacute ST due to the instability of the atheromatous plaque and the presence of thrombus [37] .
e incidence of ST beyond 1 year was low and not different between the two groups. In the era of first-generation DES, subanalysis of the j-Cypher study showed that ACS patients tend to have higher risk of ST beyond 1 year than non-ACS patients, and ST continued to occur up to 3 years in ACS patients [21] . In the Kyoto University registry, definite ST occurred in 3.0% of ACS patients at 5 years after DES implantation in Japan [22] . EES reduced the risk of very late ST in ACS patients compared with first-generation DES in the subgroup analysis of a prospective cohort study [38] . In addition, the Tokyo-MD PCI study had similar incidence of definite or probable ST at 5 years compared with the EXAMINATION study (Tokyo-MD PCI 1.8% versus EXAMINATION 2.0%) [13] . Our data were consistent with those of previous overseas studies demonstrating the benefit of EES in reducing the risk of late ST in ACS patients.
However, the incidence of ST in the Tokyo-MD PCI study was too low to analyze the differences between the two groups and to decide the predictors of ST by the multivariate analysis. e evolution of new-generation DES substantially reduced late and very late ST; therefore, a larger-scale clinical study is required for more detailed statistical analysis.
Unsolved Problems of EES.
Another pathological problem of DES was lipid-rich neoatherosclerosis, which might lead to subsequent ST from the disruption of neointimal hyperplasia. A previous study reported the frequencies of neoatherosclerosis were similar between EES and SES [36] . It is uncertain whether ACS increases the risk of neoatherosclerosis after EES implantation.
e appropriate DAPT duration after DES implantation has not been established yet.
e guideline on the duration of DAPT recommended 6 months DAPT for SCAD and at least 12 months DAPT for ACS [39] . However, the duration of DAPT in this study was longer than that of the current guideline in both groups. In the early period of EES implantation, physicians preferred the longer DAPT duration for the concern of the late ST. Recently, several clinical studies have tried to shorten the duration of DAPT [40] . Further studies are needed to examine whether the duration of DAPT affects clinical outcome in ACS patients. e rate of imaging device use was high in the Tokyo-MD PCI study. e univariate analysis showed that the use of imaging device reduced the risk of safety endpoint within 1 year compared with the nonuse of imaging device. e recent study showed that intravascular ultrasound-guided primary PCI for STEMI was not associated with a lower risk for target-vessel revascularization or ST [41] . e efficacy of imaging devices in DES implantation for ACS patients should be investigated further.
Study Limitation.
is study has several limitations. First, this registry was a nonrandomized, observational cohort study.
ere was a possibility that unknown confounding factors had influence on the clinical events. Second, clinical information was collected retrospectively. Although the median follow-up period exceeded 5 years, under-reporting of the clinical events was possible. ird, the procedure of EES implantation and the duration of DAPT were left to the discretion of each attending physician. Detailed information on procedures, such as thrombus aspiration, distal protection, and direct stenting was not available. Consequently, this study did not allow the analysis of the effects of the procedure and the medical therapy in the occurrences of the clinical endpoints. Forth, this study is the subanalysis of the Tokyo-MD PCI study and we do not have sample size estimation. Fifth, the number of studied patients was small for the statistical analysis of the risk of ST. Further studies are needed to investigate the risk of very late ST in ACS patients.
Conclusion
is real-world registry suggested that EES has comparable long-term efficacy and safety in Japanese patients with ACS and SCAD at 5-year follow-up. ese findings might have a great impact on determining the strategy of revascularization therapy for ACS patients.
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